Overnight 12 hour tape recordings of arterial oxygen saturation (SaO2, pulse oximeter in the beat to beat mode), breathing movements, and airflow were made on 66 preterm infants (median gestational age 34 weeks, range 25-36) who had reached term (37 weeks) and were ready for discharge from the special care baby unit. No infant was given additional inspired oxygen during the study. The median baseline SaO2 was 99-4% (range 88-9-100% In the present study, the same techniques have been applied to a group of preterm infants who were studied when they were ready for discharge from the special care baby unit and had reached at least 37 weeks' gestation. Two specific questions were asked: what is the influence of gestational age on the pattern of oxygenation, and (based on our study of term infants4) how does oxygenation differ between full term and preterm infants?
pared with 1-2 seconds) than in full term infants. There was no evidence that gestational age at birth influenced the frequency or duration of desaturations among the preterm infants. The frequency of relatively prolonged episodes of desaturation (SaO2 -80% for ¢4 seconds), however, decreased significandy with increasing gestational age (0.5, 0-4, 0-2, and 0-1 episodes/hour in infants at -32, 33-34, 35, and 36 weeks' gestational age, respectively). Analysis of the respiratory patterns associated with such episodes showed that 5% occurred despite both continued breathing movements and continuous airflow.
Five infants had outlying recordings: three had baseline SaO2 values of less than 95% (88-9, 92-7, and 93-8%), and two had many prolonged desaturations (14 and 92/hour; median for total group 0-2, 95th centile 2.3).
None of these five infants had been considered clinically to have a disorder of oxygenation. Although these data are insufficient to provide information about outcome, we conclude that reference data on arterial oxygenation in preterm infants are important to enable the identification of otherwise unrecognised hypoxaemia. Preterm In the present study, the same techniques have been applied to a group of preterm infants who were studied when they were ready for discharge from the special care baby unit and had reached at least 37 weeks' gestation. Two specific questions were asked: what is the influence of gestational age on the pattern of oxygenation, and (based on our study of term infants4) how does oxygenation differ between full term and preterm infants?
Patients and methods Between August 1986 and July 1987 all preterm infants who were born at three maternity hospitals and who received special care immediately after birth had overnight tape recordings made of selected physiological variables. The study was carried out when infants were assessed as ready for discharge, and only on those who were considered to have a good prognosis for survival. A total of 305 infants fulfilled the criteria, and 261 (86%) had parental consent for the investigation. The project was approved by the hospitals' ethics committees. For the purpose of this study, all 72 infants with gestational ages of 37 weeks or more at the time of discharge, and who underwent their recordings within the three days before discharge, were included in the analysis.
All 72 infants underwent 12 hour overnight recordings of arterial oxygen saturation (SaO2) (Nellcor N100 with new software equivalent to N200 and specially modified to provide beat to beat data); each photoplethysmographic pulse waveform from a pulse oximeter (for the validation of the saturation signals); breathing movements from a volume expansion capsule (Graseby) or from respiratory inductance plethysmography (Studley Data Systems); and nasal airflow either through a thermistor (Yellow Springs Instruments) or from expired carbon dioxide sampling (Engstrom Eliza). The recordings were stored on tape (Racal FM4) and subsequently printed onto graph paper by an ink jet recorder at 3-2 mm/second. As the study was prospective and non-invasive the recordings were not used for clinical management.
Six recordings (8%) gave poor quality oxygen saturation signals throughout and were removed from the study. Of the remaining 66 recordings, 31 (47%) were done on the last day before discharge, 26 (39%) two days, and eight (12%) Clinical data were abstracted from the discharge summaries. Data concerning the infants' survival were collected from the National Health Service Register at the Office of Population Censuses and Surveys. Two infants died, both in the first year of life. One had a ventricular septal defect, and died at 5 months of age in the perioperative period after cardiac surgery, and one (who had developed asthma) died at 11 months in status asthmaticus. There was no death from the sudden infant death syndrome among the infants in this study.
To analyse the influence of gestational age at birth, results are presented for the total group of 66 infants and also divided into four subgroups, categorised arbitrarily before the results were examined, by gestational age (weeks) Table 1 shows that the infants in the four subgroups had different postnatal, but similar postconceptional, ages at the time of the study. A history of respiratory distress or apnoea of prematurity was more common among the infants who were less mature (table 2). Two infants had congenital heart disease: one had an aortopulmonary window, and one had a ventricular septal defect. Neither had outlying results for any of the variables studied.
The median duration of artefact free signal was 2-0 hours (range 0-7-5-5) during regular breathing and 6-1 hours (2-7-8 4) during nonregular breathing. These durations were similar in all subgroups (data not shown).
During regular breathing the median number of apnoeic pauses/hour was 5 8 (0-0-019-0), with two infants having no pauses during this pat- The median baseline SaO2 was 99-4% (88-9-100). The fifth centile was 94-3%. Analysis of variability in baseline SaO2 measurements within individual recordings showed a median SD of 0-8% (range 0-3-2%). The average variability within baseline SaO2 measurements between different episodes of regular breathing in the same recording was thus four times higher than in the full term infants studied previously. 4 Eight infants had a baseline SaO2 value below 97%, the lowest level observed in normal full term infants (fig 1) .4 None of the three infants who had values below the fifth centile had been considered clinically hypoxaemic: the first, with a baseline SaO2 of 93-8%, had never received additional inspired oxygen. The second, with a baseline of 92-7%, had been oxygen dependent until 72 days of age, but was not thought clinically to require it at the time of discharge. The infant with the lowest baseline SaO2 (88-9%) had a gestational age of 31 weeks and had been ventilated for three days because of mild respiratory distress syndrome. She had no history of apnoea of prematurity and was clinically well. Because her SaO2 was below 80% during a substantial part of the recording, it was excluded from further analysis of episodic desaturation below 80%. fig 2) . The duration of the longest desaturation observed in each recording, as well as the proportion of apnoeic pauses that was followed by a desaturation, decreased with increasing gestational age, but the differences between the groups were not significant (table 3) . There were, however, significant differences for all variables between different breathing patterns: desaturations were more frequent and were longer during non-regular than during regular breathing, and the proportion of apnoeic pauses followed by a desaturation was also higher during non-regular breathing (table 3). All variables differed significantly from those previously obtained in full term infants (table 4) .
Analysis of prolonged desaturations (SaO2 680% for >4 seconds) showed that 44 infants (68%) had a total of 822 such episodes, with a median frequency of 0-2 (0-0-92-4) per hour (fig 3) . This frequency decreased significantly with increasing gestational age (p<002). The analysis of the associated breathing pattern showed that most of the prolonged desaturations (534 (65%) in 28 infants) followed pauses during periodic apnoea; and 144 (18%) in 31 infants followed isolated apnoeic pauses, almost all of these occurring during non-regular breathing. Forty one (5%) were associated with an absence of airflow, 12 of these being mixed pauses. Thirty seven prolonged desaturations (5%) in 17 infants occurred despite the continuation of both breathing movements and airflow. In the remaining 7% airflow signals were uninterpretable. Examples of the different breathing patterns during prolonged desaturations are shown in fig 4. There were two infants who had values far outside the range of all other infants (fig 3) . One infant, who had a total of 104 prolonged desaturations (14-2/hour), had a gestational age of 34 weeks and had had recurrent apneoa and bradycardia that were reported to have ceased a week before discharge. Her baseline SaO2 was 98-9% The other infant, who had a total of 382 prolonged desaturations (92-4/hour), 362 of them during periodic apnoea, was born at 26 weeks' gestation (birth weight 775 g), and had had positive pressure ventilation for the first four weeks of life. Her baseline SaO2 was 97T1%. She was also the infant with the highest number of short desaturations, and the only infant in whom more than 95% of apnoeic pauses were followed by a desaturation during both regular and non-regular breathing patterns. Both infants were clinically well at the time of the recordings.
Discussion
The present study, in which we used a pulse oximeter in the beat to beat mode that has been validated against arterial line measurements, 6 7 provides the first reference data for SaO2 in preterm infants. The infants studied were a heterogeneous group covering a wide range of gestational ages at birth, and different medical histories, because we wanted to provide representative data for preterm infants leaving special care. We were therefore careful not to apply too restrictive entry criteria for the infants that were enrolled in this study. So that the data could be compared, however, it was necessary to include only infants who had reached term at the time of their discharge.
There were relatively small differences in the number and duration of desaturations between subgroups with different gestational ages at birth but similar postconceptional ages at the time of study. This fmding is in agreement with that of Hinkes on breathing movements in preterm infants; he also showed a wide scattering in the number of apnoeic pauses in infants with different gestational ages.8 Our data, however,
show that the frequency of prolonged desaturations increased with decreasing gestational age at birth (fig 3) . This, and the fact that there were highly significant differences for all variables between these preterm infants and the full term infants (table 4) , suggest that gestational age at birth may have some influence on the development of stability in arterial oxygenation.4 This influence, however, is overlaid by the large interindividual variability in the frequency of desaturations in this group of infants. The comparison with full term infants is additionally compromised by the fact that the full term infants were older at the time of study and had a narrower age range, specifically omitting the neonatal period. The indications that maturity at birth is an independent factor for the developmental of stability in oxygenation cannot therefore be confirmed by these data. Further studies of larger numbers of infants are necessary to answer this question.
Interestingly, with few exceptions, the preterm infants had baseline values of SaO2 in the same range at the full term infants. 4 This means that during stable conditions most preterm infants had normal SaO2 The variability in baseline SaO2 in the same recording, however, was considerable. This suggests that making only one measurement during quiet sleep may not provide reliable information about baseline SaO2 in infants born before full term.
The present data clearly show the influence of breathing pattern on arterial oxygenation. During regular breathing, which is highly correlated with the state of quiet sleep,9 most of the infants did not have any episodes of desaturation, and when episodes did occur, they were usually short (in 95% of infants the longest desaturation during regular breathing was less than 4 seconds long). The opposite was true during non-regular breathing; apnoeic pauses occurring during non-regular breathing are more likely to be associated with a desaturation.4 Non-regular breathing includes active sleep, and possible reasons for an increase in the frequency of desaturations include increased oxygen consumption and reduced intrapulmonary oxygen stores.'0 11 In preterm infants, who have lower functional residual capacity and more compliant chest walls, the influence of active sleep may be even more pronounced. '2 In a previous study we described the occurrence of intermittent arterial hypoxaemia despite continued breathing movements and nasal airflow.5 This was most common in preterm infants being investigated for cyanotic episodes, but also in two of 16 preterm controls who had no symptoms. None of these infants (cases or controls) had a structural congenital heart lesion that could have produced a right to left shunt and resultant ventilation/perfusion mismatch. An intermittent intrapulmonary right to left shunt was, therefore, considered to be the most likely cause of these hypoxaemic episodes.5 13 The analysis of breathing patterns during prolonged desaturations performed in the present study confirms our previous observation that the potential to develop a mismatch between ventilation and perfusion may also be present in clinically well preterm infants.
The large interindividual variability in the frequency of short lived desaturations reduces their usefulness as markers of abnormal respiratory pathophysiology. The frequency of prolonged desaturations, and the baseline SaG2 values, however, showed less variability between subjects and may therefore serve as indicators for hypoxaemia. Using these variables, five infants in this study were identified as clear outliers at the time of their discharge from hospital: three with baseline SaO2 values below 95% (one only 89%) and two with large numbers of prolonged desaturations. Our sample is not large enough to provide information about the outcome of these infants. There is evidence, however, that chronic or acute intermittent hypoxaemia may be a contributing factor to sudden infant death,Lyl and that chronic hypoxaemia may reduce the amount of weight gained by preterm infants. 6 This condition should therefore be identified and treated. Further prospective studies on the reproducibility and prognostic significance of outlying results should be done, however, before similar long term recordings of arterial oxygen saturation and breathing patterns can be advocated for all preterm infants before discharge from special care baby units. from special care.
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